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Diaphragm-Type Micromanometer With 


Klectronic Pickup 


A diaphragm-type micromanometer, which utilizes 
an electronic pick-up, has been developed recently at 
the National Bureau of Standards to measure differ- 
ential pressures -in the micron region. Constructed 
for use with a mass spectrometer, the micromanometer 
gives rapid, direct readings of pressure on a mi- 
croammeter scale that can be calibrated directly 
in units of pressure. [ft is relatively insensitive to 
temperature changes, will operate in any position, and 
permits measurements that are totally independent of 
the type of gas or vapor being measured. 

The need for such an instrument arises from the 
inevitability of error in the usual method of measur- 
ing gases for use in a mass spectrometer. A small 
sample is measured in an ordinary U-tube manometer 
and passed into the reservoirs of the machine, where 
it expands to 1,000 times its original volume. _ Its pres- 
sure is then assumed to be one one-thousandth of its 
original pressure, but this assumption fails to account 
for losses that occur through adsorption of the vapor 
by stop-cock grease and the walls of the system, and 
deviation from perfect gas laws. 

It is desirable, therefore, to measure the pressure of 
the sample in the reservoirs after the losses have oc- 
curred. Manometers for the range from one thou- 
sandth of a millimeter to one tenth of a millimeter of 
mercury are usually liquid-level devices, such as 
McLeod gages, or depend on thermal effects, such as 
Pirani or thermocouple gages. McLeod gages are accu- 
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rate, but the presence of mercury or oil vapor intro- 
duces difficulties into vacuum work; besides, these in- 
struments are bulky and inconvenient to use. Pirani 
and thermocouple gages, while avoiding these difh- 
culties, are inaccurate, and unless special care is ex- 
ercised, give only a rough indication of the vacuum. 

The instrument developed at the Bureau consists of 
a pressure cell and an electronic micrometer, enclosed 
in a glass dome that can be evacuated or filled to any 
desired reference pressure. The pressure cell, the 
heart of the instrument, is composed of a very thin cor- 
rugated diaphragm sealed at the periphery to a slightly 
dished brass disk. This cell is connected to the gas 
sample so that change in pressure of the gas causes 
movement of the flexible diaphragm. Movement of 
the diaphragm in response to pressure variations is 
measured by a mutual-inductance micrometer placed 
over, but not in contact with, the diaphragm. Pos- 
sible errors involved in mechanical coupling are thus 
eliminated. 

The micrometer was previously developed at the 
Bureau in connection with the design of indicating 
devices to measure clearances in journal bearings. 
(NBS Technical News Bulletin 31, 37 (April 1947) .) 
In principle, it makes use of the variation in mutual 
inductance between two concentric air-core coils that 
results when the distance of the coils from a nonmag- 
netic metal surface changes. When the metal is 
brought immediately adjacent to the end of the form 
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The electronic pickup of the micromanometer is a 
mutual-inductance electronic micrometer. Current in- 
duced in the secondary coil is proportional to the distance 
from the nonconducting metallic surface, which in 
this instrument is the diaphragm of the pressure cell. 


supporting the coils, the mutual inductance 1 is reduced 
to a minimum by what is effectively a “shielding” 
action of the metal. As the metal is moved away from 
the coils, the mutual inductance increases as a linear 
function of the separation. 

In the micromanometer, the metal “shield” is the 
diaphragm of the pressure cell itself. - Radio-fre- 
quency current is fed into a primary coil and induces 
a voltage in a secondary coil, mounted just above the 
diaphragm. The form supporting the coils is mounted 
rigidly with respect to the fixed portion (the brass disk) 
of the cell. Mutual inductance between coils is there- 
fore a function of diaphragm expansion and hence is 
indicative of gas pressure. 

This mutual induction is compared to an adjustable 
reference value that is set in calibration for equality 
with zero differential in the cell. When pressure is 
applied, the balance is disturbed, and the resulting 
signal is proportional to gas pressure. This signal is 
amplified by suitable circuitry, is rectified, and finally 
appears as a d-c current through the microammeter on 
the panel of the instrument. 

Alinement of coil form and diaphragm is not critical, 
because, as a result of the linear response, all parts 
of the useful area of the diaphragm are weighted uni- 
formly. 

Because of the linear relationship between pressure 
variation and electrical output, only two calibration 
points are required. In practice, the cell is first eval- 
uated to-the same pressure as that prevailing in the glass 
dome. Thus no differential pressure on the diaphragm 
exists, and the reference mutual inductance may be 
adjusted for zero reading on the meter scale. Slope, 
or scale-factor, adjustment is then made upon the in- 
troduction of an expanded gas sample of known 
pressure. 

The manometer is capable of measuring pressures 
in the range of 1 to 100 microns with a sensitivity of 
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A diaphragm-type micromanometer (left), utilizing an 

electronic pickup, measures pressures in the micron 

range. It gives rapid, direct readings of pressure on a 

microammeter scale (right) that can be calibrated di- 
rectly in units of pressure. 
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Heart of the micromanometer is the pressure cell, which is composed of a very thin corrugated diaphragm sealed 
to a slightly dished brass disk. The cell is connected to the sample reservoir so that the pressure of the gas within 


the reservoir causes expansion of the flexible diaphragm. 
micrometer placed over, but not in contact with, the diaphragm. 


Movement of the diaphragm is measured by the electronic 


A brass yoke holds the micrometer rigid with re- 


spect to the fixed portion (the brass disk) of the cell. 


about 0.1 micron on a 50-micron scale. Continuous 
use of the instrument for more than 1 year on one of 
the mass spectrometers at the National Bureau of 
Standards has shown that its sensitivity and zero point 
are remarkably constant. Frequency observations 
have disclosed variations in calibration of less than 1 
micron over a 24-hour period. A differential pressure 
of 1 atmosphere applied externally on the pressure cell 
has only a slight hysteresis effect, whereas pressures up 


New pH 


Four new pH standards, intended to provide fixed 
points at the upper and lower ends of a standard pH 
scale, have been selected by chemists of the National 
Bureau of Standards. The new solutions extend the 
accuracy of standard scales made to conform with the 
three middle-range standards (NBS Technical News 
Bulletin 31, 138, Dec. 1947) that the Bureau now 
distributes to the chemical industry. 

Measurements of the degree of acidity and alkalinity 
play an important part in the research laboratory and 
in the regulation of such modern industrial processes 
as food preparation, sugar refining, and the manu- 
facture of paper, textiles, and dyes. These measure- 
ments are expressed in terms of hydrogen-ion concen- 
tration, or pH, on a scale ranging from a pH of almost 
zero (very high acidity) to a value near 14 (very high 
alkalinity). Although exact measurements of acidity 
can be made with instruments now in use, there has 
been a lack of uniformity among the results obtained 
because of the variety of definitions of the pH unit 
popular among chemists and the consequent difference 
in methods of calibrating the instruments. 

The National Bureau of Standards has long recog- 
nized the need of a universally accepted scale of acidity, 
analogous to the International Temperature Scale. To 


to several tenths of a millimeter can be applied inside 
the pressure cell without harmful effects on the 
diaphragm. 


Note: Further technical details of the application of the 
micromanometer to the mass spectrometer will be given in a 
forthcoming article by V. H. Dibeler and F. Cordero in the 
Journal of Research of the National Bureau of Standards. De- 
tails of the design, operation and performance of the electronic 
equipment itself will be covered in a companion article by M. L. 


Greenough and W. E. Williams. 


Standards 


encourage the adoption of such a scale, the Bureau has, 
for several years, distributed three standard samples 
of known pH in the United States and abroad. These 
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Cells without liquid junction have been designed at the 
National Bureau of Standards for the accurate deter- 
mination of the pH of solutions of standard pH samples 
issued by the Bureau. A group of ten cells can be 
mounted together in a constant-temperature bath. 
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samples fix the scale at pH 4, 7, and 9, and the pH 
of intermediate points is obtained by interpolation. 
Unfortunately, this scale is not uniform at its ends, 
and additional standards are needed to reduce the error 
of measurement at low and high pH. 

In a recent study, R. G. Bates, Gladys D. Pinching, 
and E. R. Smith of the Bureau’s physical chemistry 
laboratory determined the extent of inaccuracy at the 
ends of the practical pH scale. They concluded that 
an instrument calibrated with the present solutions of 
intermediate acidity will usually yield results that are 
low by 0.02 to 0.05 unit or more above pH 11. Below 
pH 2.5, errors as great as 0.03 unit, either positive or 
negative, were found. In general, solutions of strong 
acids and bases display larger errors than buffered 
solutions. 

In the course of the work, 41 solutions ot possible 
value were examined. Out of these, the following four 
standards were selected: 


1. A mixture of sodium bicarbonate and sodium 
carbonate, both at 0.025-molar concentration, with a 
pH of about 10 at room temperature. 

2. A 0.01-molar solution of trisodium phosphate, 
pH about 11.7. 

3. A solution of potassium hydrogen tartrate satu- 
rated at room temperature, pH about 3.6. 

4. A 0.01-molar solution of potassium tetroxalate, 
pH about 2.1. 

Alihough the new standards lengthen the accurate 
portion of the scale in both directions, the measured 
pH of highly acid and highly alkaline solutions must 
still be assigned an uncertainty of at least +0.03 unit. 

The Bureau plans to add the pctassium, hydrogen 
tartrate and the potassium tetroxalate to the Standard 
Samples it issues when an adequate supply of the puri- 
fied materials has been obtained, tested, and bottled 
for distribution. An announcement of their avail- 
ability will be made in the Technical News Bulletin. 


Vibratory Ball Mill for More Efficient Grinding 


A vibratory ball mill recently developed at the Na- 
tional Bureau of Standards rapidly and completely 
grinds cotton into particles a few microns in length 
with little or no oxidative change or contamination of 
the cellulose. Grinding takes place as colliding steel 
balls pulverize the material caught between them. The 
3,700 steel balls used produce over 100,000 colli- 
sions per second. As the new mill produces a more 
uniform powder and is more efficient and easier to 
operate than previous devices of this kind, it is expected 
to find extensive application in the grinding and blend- 
ing of a variety of substances such as pigments, ceramic 
materials, metal powders, resins, and plant and animal 
tissues. 


A 


The mill was constructed by Florence Forziati, W. K. 
Stone, J. W. Rowen, and W. D. Appel of the Bureau staff 
in connection with a program sponsored by the U. S. 
Department of Agriculture on the chemical deteriora- 
tion of cotton during processing and use. To learn 
more about the chemical changes that occur when cotton 
deteriorates, the Bureau undertook to apply the tech- 
nique of infrared spectrophotometery to cotton cellu- 
lose. As the spectra obtained from fibers laid side by 
side were not satisfactory, it was decided to reduce the 
fibers io a powder and measure the spectral absorption 
of the powder in a mat or in suspension in a suitable 
liquid. Several well-known methods for grinding ma- 
ierials were therefore tried, such as an ultrasonic gen- 


B 


3,700 steel balls, colliding at a rate of over 100,000 times a second, produce the grinding action of a new type of 


vibratory ball mill. 


which is connected to the motor through a flexible coupling. 
through a greased slip ring, insuring uniform distribution of the sample. 


Vibratory motion is imparted to the jar (extreme left) by the rotation of an eccentric weight, 


At the same time, the jar holder and jar rotate slowly 
The partially disassembled mill (B) 


includes the jar holder, slip ring, and eccentric weight supported in its housing by leaf springs. 
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erator and a Wiley mill in which the material is cut 
between fixed and moving blades. However, the prod- 
ucts thus obtained contained much coarse matter. In 
an effort to provide a method that would reduce the 
entire sample to a finely divided state without contam- 
ination and with a minimum of chemical change, the 
vibratory ball mill was developed. 

In the Bureau’s mill, a cylindrical jar suspended by 
leaf springs and containing steel balls in contact with 
the material to be ground is swung through a circular 
path. (A mill using this general principle was previ- 
ously constructed by Dr. P. H. Hermans, Utrecht, Neth- 
erlands. See P. H. Hermans and A. Weidinger, J. Am. 
Chem. Soc. 68, 2547, 1946). This excites the steel 
balls, causing the numerous collisions that grind the 
material in the jar. At the same time, the jar rotates 
slowly about its axis. In this way, the material being 
ground is prevented from settling to the bottom of the 
jar, and uniform grinding is obtained. 

Motion of the jar is produced by means of a hori- 
zontal shaft connected at one end, through a flexible 
coupling, to a 0.25-hp motor and at the other end to an 
eccentric weight. The weight, rotating at a speed of 
1,800 rpm, drives the weight housing in a circular path 
that is confined within certain limits by the flexural 
resistance of the springs. The jar containing the sam- 


ple is held in a cylindrical holder, which is attached to 
the weight housing by means of a greased slip ring. 
A small difference in diameter between the flange of 
the jar holder and the slip ring groove permits the 
holder with the clamped-in jar to be rolled around the 
groove circumference by centrifugal force. This roll- 
ing, or rotation, of the holder and jar, which takes place 
at a rate of about 4 rpm in a direction opposite to that 
of the rotating weight, continually redistributes the ma- 
terial being ground. 

In experiments at the National Bureau of Standards, 
the mill reduced 5 grams of cotton in 30 minutes to 
particles 10 microns or less in major dimension. X-ray 
diffraction measurements showed that the cellulose was 
converted almost completely to the amorphous form in 
this time. Except for the decrease in the degree of 
polymerization that resulted from the cutting of the 
cellulose chains, there was no degradation of the cotton. 
Nor was the ash content of the cotton perceptibly m-. 
creased by the grinding process. 


Note.—For further technical details, see Cotton powder for in- 
frared transmission measurements, by Florence H. Forziati, W al- 
ter D. Stone, John W. Rowen, and Wm. D. Appel, J. Research 
NBS 45, 109 (1950) RP2116. Working drawings of the mill 
may be obtained upon request from the Textiles Section, Na- 
tional Bureau of Standards, Washington 25, D. C. 


Opening Active Ampoules by Remecte Control 


A new oven loading technique, developed by Jesse 
Sherwood of this Bureau for use in the atomic-beam 
clock prograrmh, overcomes one difficult problem of 
atomic-beam experimentation—the introduction of 
highly reactive materials, such as alkali metals, into 
the “‘oven,” which acts as the beam source. In the past 
the procedure has been to place an ampoule of the 
material to be studied into the oven, crush or otherwise 
open the ampoule, and set the oven into position as 
quickly as possible. The system was then evacuated 
before much reaction with the atmosphere could take 
place. 

In the new technique developed by the Bureau’s 
Microwave Standards Section, the difference in the 
thermal expansivity of aluminum and glass is utilized. 
The oven used with the atomic-beam magnetic reson- 
ance apparatus is of a conventional type, but the cesium 
metal—the frequency-stabilizing element of the new 
atomic beam clock—is distilled into a specially de- 
signed ampoule and sealed off under vacuum. The 
ampoule contains a well into which is inserted a care- 
fully lapped aluminum plug, about 7 millimeters in 
diameter. This plug is removed before filling and 
then set firmly in place after sealing. When the 
ampoule is heated to 80° to 100° C, it will crack 
because of the larger thermal expansivity of aluminum. 

With this method, it is possible to load the oven, 
carry out further checks on the experimental condi- 
tions, and pump out the system before exposing the 
active metal. There is thus less chance of clogging 
the very narrow (0.001l-inch) slits used to collimate 
the beam of cesium atoms. 


J 
Ampoules of active material can be opened in a vacuum 
or in a special atmosphere by means of a new NBS 
remote-control device. A cavity is provided in the end of 
the ampoule to receive a cylindrical aluminum plug, 
which is lapped into place. After the ampoule has 
been filled and sealed, the plug is inserted firmly. 
When the ampoule is heated in an oven (right center) 
at 80° to 100° C, the ampoule will crack because of the 
different thermal expansions of aluminum and glass. 
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Expansion of Domestic Granites 


The need for accurate data regarding the thermal 
and moisture expansion characteristics of some of the 
widely used domestic granites has been met with the 
completion of an extensive investigation by Arthur 
Hockman and D. W. Kessler of the Bureau’s building 
stone laboratory. 

Granite is known to be one of the most durable of 
structural materials and for this reason has been an 
ideal choice for monuments, public buildings, shrines, 
and structures that are expected to last for long periods. 
Nevertheless, granite eventually disintegrates with 
time. This disintegration is hastened by many physi- 
cal and chemical agencies, among which are the tem- 
perature changes encountered in natural weather ex- 
posures. It is well known that the rapid heating of 
granite, as in the case of a fire, will usually cause 
serious spalling. Not so apparent is the fact that 
gradients in a granite structure resulting from the usual 
diurnal temperature changes cause internal stresses 
which, after numerous repetitions, may have a weaken- 
ing effect on the stone. It also seems likely that the 
durability of granite may be affected by the unequal 
expansion of the different mineral constituents, and 
the fact that the principal constituents, namely feldspar 
and quartz, expand unequally along different crystallo- 
graphic axes. 

Expansion effects due to absorption of water by 
granite have not been generally understood or ap- 
preciated. The experimental data acquired in the 
Bureau’s study definitely prove that granite undergoes 
a change in length on becoming wet. As in the case 
of thermal expansion, the repeated expansion and con- 


traction resulting from wetting and drying may have 
a weakening effect on the stone. Moisture gradients 
resulting from partial wetting of the granite cause in- 
ternal stresses, which in the course of time may ad- 
versely affect its durability. 

Most of the published data on thermal expansion of 
granite were computed from measurements taken at 
larger temperature intervals than those to which 
masonry is normally subjected; these values can be 
misleading when applied to the seasonal range. The 
current study presents data on the thermal expansion 
characteristics of 48 samples of granite over the tem- 
perature range produced by natural weather exposures 
(—20° to + 60° C, or —4° to +140° F). Since there 
are few data published on the moisture expansion of 
granite, this property was determined on the entire 
series of samples tested for thermal expansion. The 
granites selected for this study represent the deposits 
of the principal producing districts of 17 States. 

A differential interferometer with an interferograph 
recording attachment was used to make the thermal 
expansion measurements. When the usual interferom- 
eter method is applied to measure the expansion of fine 
grained materials, a relatively small specimen, 2 to 6 
millimeters in height is generally used. However, in 
order to make the interferometer applicable to the 
thermal expansion measurement of medium and coarse 
grained granites it was found necessary to use a con- 
siderably larger test specimen. The test specimen was 
38.4 millimeters high (avg. size), T-shaped in cross 
section with a maximum width and depth of 12.5 milli- 
meters, and weighed 3.2 grams. 


A differential interferometer with an interferograph recording attachment was used to make thermal expansion 


measurements of domestic granites. 
ferometer plate (b) on its upper surface. 


The specimen rests on a glass thermometer plate (e) and support an inter- 
Another interferometer plate (a) is supported approximately 0.5 mm 


above the first by a perforated fused quartz tube (c), which rests on the thermometer plate and surrounds the granite 


specimen (d). 


When the specimen expands on heating, the lower interferometer plate moves toward the upper plate, 


resulting in a movement of the interference fringes in the field. 
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Schematic views of interferometer and interferogram: 

A, Interferometer as seen through viewing instrument: 

B, exposure slit magnified to show fringes; C, section 

of interferogram at start of test; D, middle section of 

interferogram. Note the point where fringes begin to 

move (C, k) and the reversal of fringes (D, n) at 
maximum temperature. 


In the interferometer arrangement used, the speci- 
men rests on a glass thermometer plate and supports 
an interferometer plate on its upper surface. Another 
interferometer plate is supported approximately 0.5 
millimeter above the first by a perforated fused quartz 
tube 42.65 millimeters high, the latter resting on the 
glass thermometer plate and surrounding the granite 
specimen. The expansion of the specimen on heating 
causes the lower interferometer plate to move toward 
the upper plate resulting in a movement of the inter- 
ference fringes in the field. 

The interferograph, or automatic photographic re- 
corder, developed by J. B. Saunders of the Bureau was 
‘used to record the interference fringes for both ex- 
pansion and temperature changes. This recording ap- 
paratus not only eliminates the tedious job of counting 
fringes visually, but also gives a permanent record of 
the expansion characteristics, which can be rechecked 
at any time. 

Thermal expansion coefficients computed from— 20° 
to 1-60° C ranged from 4.8 to 8.3x10~° per degree C 
with an average of 6.2x10~ per degree C. Coefficients 
obtained on cooling (60° to 0° C) were somewhat 
higher and averaged 6.7x10° per degree C. The heat- 
ing curves of at least 65 percent of the samples showed 
some irregularities between 0° and 20° C. This ir- 
regular expansion was probably due to moisture 
changes in the sample during the test. When some 
of the samples exhibiting irregular expansion were 
coated with a synthetic resin waterproofing and re- 
tested, the resulting expansion curves showed none of 
the irregularities of the untreated samples. 

The thermal expansivity of granite is a function of 
the expansivities of its mineral constituents. As each 
sample contains several major and minor minerals, 
each with its own expansion coefficient, a correlation 
between mineral content and expansivity could not be 
established from the data obtained. This is further 
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Linear moisture expansion values were obtained by means 
of the Tuckerman optical strain gage on 48 domestic 
granites during a 24-hour soaking period at constant 
temperature. Two-inch gages, whose knife edges were 
cemented to cylindrical specimens, provided expansion 
measurements accurate within two millionths of an inch. 
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complicated by the fact that each mineral expands at 
different rates along different crystallographic axes. 
However, the results show that three samples contain- 
ing an exceptionally large percentage of quartz had 
higher than average expansion values. 

Moisture expansions were measured on cylindrical 
specimens, 2 inches in diameter and 214 inches long, 
by means of the Tuckerman optical strain gage over 
a 24-hour period at constant temperature. Typical 
moisture expansion-time curves plotted from these data 
revealed a short rise during the first few hours of 
immersion, then the curves gradually leveled off and 
apparently reached a maximum in 24 hours. The 
expansions obtained for the 48 samples ranged from 
0.0004 to 0.009 percent. This indicated that the aver- 
age moisture expansion of granite is equivalent to the 
thermal expansion for approximately a 6-degree in- 
crease in temperature. Little correlation was found 
between moisture expansion and such properties as 
absorption, porosity, specific gravity, and mineral 
composition. 

Previous observations made on granite structures 
have indicated that the continued expansion and con- 
traction resulting from natural weather conditions 
might be one of the many factors contributing to the 
eventual disintegration of the stone. The results ob- 
tained in the Bureau’s test substantiate the general con- 
clusion that for the majority of granite structures, the 
weathering effects caused by thermal expansion and 
contraction are not very serious, except in instances 
where the structure is expected to endure for exceed- 
ingly long periods of time. 


For further technical details see Thermal and moisture ex- 
pansion studies of some domestic granites, by Arthur Hockman 


and Daniel W. Kessler, J. Research NBS 44, 395 (1950) 
RP2087. 
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People are so accustomed to living and working in 
buildings that few give thought to the safety of the 
structure they are occupying. The businessman in his 
office, the scientist in his laboratory, the housewife in 
her home—are all able to concentrate on their daily 
tasks without worrying too much about whether the 
structure that surrounds them is likely to burn down 
or collapse. That they are able to do so is a tribute 
to the skill and integrity of designers and builders, and 
also to the existence of regulations imposed by society 
to prevent injury or loss of life. Such regulations are 
usually grouped under the designation “building 
codes”. 

The building code is an example of that kind of pro- 
tection which government must provide to assure a 
reasonable degree of safety from hazards created by 
the ignorant, the careless, and the unscrupulous. It 
sets a minimum standard of safety for structural 
strength, fire resistance, provision for egress, and other 
features of building construction. It is sometimes con- 
sidered as a book of design, although this is not its 
primary purpose. The code is intended to prevent 
weak construction, which would be a potential hazard 
to the occupants. For various reasons designers and 
builders sometimes provide sturdier buildings than are 
required under provisions of the building codes, but 
they are not permitted to provide less than the code 
requires. 

Two thousand municipal ordinances and a few State 
and County codes create the pattern of building codes 
in this country. The codes are thus largely local in 
character and, having been produced at different times, 
show considerable lack of uniformity. This may be 
attributed in part to climatic and other local conditions, 
but the essential technical differences appear to be due 
to the use of different basic information and to varying 
judgment in the application of this information. 

Over a period of years, the variations in code re- 
quirements have been reduced appreciably, a process in 
which the technical information available from the 
National Bureau of Standards has played an essential 
part. The process is continuing, and the prospects 
for greater uniformity are becoming better. To under- 
stand how differences in code requirements have been 
reconciled, it is necessary to consider the elements of 
which codes are composed and the means available for 
developing safe requirements. 


Use of Standards and Specifications 


If a building code is to set forth, as it customarily 
does, the allowable stresses that may be used in design 
for a particular material, some means of identifying 
the quality of that material must be provided. This 
requires the existence of an activity that is not involved 
in the code-writing process at all, except in utilizing 
the fruits of what has already been done. The specifi- 
cations of the American Society for Testing Materials 
and of the Federal Specifications Board, prepared by 
committees in which members of the Bureau staff par- 
ticipate, are useful in this connection. This was not 
always so. Older codes often contained such vague 
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NBS Contributiol 


Since the early years of its history, the National By 
materials where questions of public safety have been 
1905 tells of tests of the cables to be used for the ele 
tion is made of the rapidly increasing use of concreté 
of this material. In 1907, the observation was made 
no satisfactory methods of testing had yet been dey 
the volume of research and testing at the Bureau incre 
durability, and other characteristics of materials was) 
with the resonsibility of protecting the public from u 
have a very close association with efforts to improve tl 
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A unique full-scale burnout test was conducted by the Natio 
ington, scheduled for demolition, were filled with combustil 
cantile occupancy. The contents were then set on fire, and 
within the structures. The data thus obtained provided mu 
the persistence of high temperatures in debris blanketed by }) 
and applied in de 


to Building Codes 


Standards has been conducting investigations of building 
-d. The annual report of the Director of the Bureau for 
1 the Washington Monument. In the 1906 report, men- 
truction work and of the problems brought about by use 
or many materials such as steel, iron, concrete, and brick, 
or measuring instruments perfected. As time went on, 
nd much useful information on strength, fire resistance, 
vailable for the use of engineers and authorities charged 
mstruction. Through these activities the Bureau came to 
ty of building regulation. 


feau of Standards in 1928. Two buildings in downtown Wash- 
brials equivalent to those ordinarily present in an office or mer- 
l readings were taken of temperatures reached at various points 
ul information on temperatures reached in actual fires and on 
iasonry walls. The results were correlated with laboratory tests 


g code requirements. 
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descriptions as “a good sound brick” or “‘a clear, ring- 
ing sound” to indicate the quality of a material. For- 
tunately, this is no longer the case because the amount 
of work done on specifications for materials has greatly 
simplified the problem of assuring definite quality. 

Suitable standard methods of testing are necessary in 
establishing specifications for materials; only in this 
way can fair and reproducible methods be relied upon to 
give a complete analysis of the characteristics of each 
material. Such methods of testing have been extended 
from individual materials to structural assemblies, so 
that it is now possible to judge the merits of members 
composed of various materials that have been put 
together to serve a common purpose. As in the case 
of specifications, however, and of other essential fea- 
tures of building codes, further activity is still needed 
to fill gaps and to keep provisions up to date. 

The accumulation of data on strength of materials 
through laboratory tests is but one step in the develop- 
ment of good building code requirements. Judgment 
also plays a large part in the ultimate determination of 
how these materials may safely be used in actual con- 
struction. This is necessary because there are ad- 
mittedly many uncertainties in connection with the 
loads and forces to which a building may be subjected 
during its lifetime, such as quality of workmanship in 
the field and other conditions arising in actual use 
after completion. To arrive at permissible values, 
expert judgment is needed; and since experts fre- 
quently have different ideas, the composite judgment 
of a number of them is preferable. These ends are 
best accomplished through the work of code-formulat- 
ing committees. 


Code Formulation 


Just as there is machinery available for developing 
standards of quality, so are there means in existence for 
bringing about standards of application. Among these 
are committees of the American Standards Association, 
which study available data and issue carefully consid- 
ered standards. Here again, the Bureau cooperates by 
providing essential data and by entering into discus- 
sions through which decisions are made. 

Other organizations, such as conferences of build- 
ing officials and fire underwriters, engage in extensive 
discussion and arrive at recommendations based on 
available facts. The product of this work forms the 
basis for recommended provisions that set forth such 
specific requirements as what loads and forces should 
be assumed, what stresses are allowable, and what fire 
resistance is necessary. The process of assembling and 
weighing facts results in the development of provisions 
that will accurately describe means for safeguarding 
the public. 

The National Bureau of Standards has been called 
upon continuously throughout most of its 50 years 
of existence to participate in the work of developing 
building code requirements. This was a natural con- 
sequence of its activities in research and testing of 
building materials for other government agencies, which 
provided a constantly increasing amount of data, such 
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Strength characteristics of maxy types of building materials and constructions, as well as different structural elements, 


have been studied in the Bureau’s ten-million-pound compression machine. 
Typical tests include: (A) Prefabricated roof panels as, for example, this one of steel, 


the basis of code requirements. 


This work has in many instances formed 


which must be designed to carry snow and wind loads safely; (B) allowable compressive stresses for masonry walls; 
and (C) minimum uniformly distributed loads for design of floors in various occupancies. 


as were needed in the code-making process. As the 
data were known to have been obtained with more 
than usual precision and under completely disinter- 
ested auspices, code writers could turn to them with 
entire confidence. Some of the laboratory investiga- 
tions, such as the cooperative work on fire resistance 
of various types of structural columns beginning in 
1915, the performance of stuccoed panels in 1916, the 
investigation of plumbing systems in 1922, the series of 
burn-out tests of various occupancies in 1923, the re- 
search on elevator buffers and safeties in 1925, and 
tests of prefabricated panels in 1938, form part of the 
classic literature of building code development. More 
recent work, particularly in regard to concrete rein- 
forcement and plumbing, is expected to have a marked 
influence on code revision. 

In other phases of activity essential to sound require- 
ments—production of quality specifications, fundamen- 
tal standards, and suggested code provision—the Bu- 
reau has also made a substantial contribution. As pre- 
viously stated, members of its staff have participated 
for many years in the work of such organizations as the 
ASTM and FSB, providing much of the technical evi- 
dence on which decisions are based and adding their 
own specialized knowledge to the pool of information 
available to representative committees. 


Milestones in Code Development 


In 1921, a more direct and intensive contribution 
to sound building codes was provided when the De- 
partment of Commerce Building Code Committee was 
organized. A committee of the United States Senate en- 
gaged in studying construction problems following the 
first World War made a report that was severely criti- 
cal of the lack of uniformity and the lack of scientific 
basis in building code requirements. As a result of this 
report, Herbert Hoover, who was then Secretary of 
Commerce, appointed a committee of seven distin- 
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guished architects and engineers to develop recom- 
mended provisions suitable for general adoption. For 
its staff and much of its factual data the committee 
depended on the National Bureau of Standards, which 
conducted fundamental research for the purpose of re- 
solving a number of doubtful questions. In a series of 
reports that had great influence on the codes of the 
day, recommendations were issued covering most of 
the major features in building codes. The project was 
part of a general program intended to reduce waste in 
industry and the recommended requirements paved the 
way for many economies in construction through re- 
ductions in some requirements formerly considered 
essential. 

In 1935, a somewhat different approach was adopted, 
by which recommended requirements for building code 
standards are developed according to the procedure 
of the American Standards Association. Through this 
arrangement, in which the Bureau participates, a large 
number of professional societies, fire protection organi- 
zations, conferences of building officials, and associa- 
tions of material manufacturers cooperate in the pro- 
duction of generally acceptable requirements. As 
might be expected, this method of approach has taken 
considerable time because of the necessity of recon- 
ciling many controversial questions, but it has resulted 
in a number of standards that have been incorporated 
into local codes. 

Today, there are a number of sources from which a 
State or municipality can obtain information when pre- 
paring or revising its code. In addition to the standards 
produced under American Standards Association pro- 
cedure, there are several complete recommended build- 
ing codes offered as suitable for general adoption. 
These include the National Building Code of the Na- 
tional Board of Fire Underwriters, the Uniform Build- 
ing Code of the Pacific Coast Building Officials Con- 
ference, the Southern Standard Building Code of the 
Southern Building Code Congress, and the Basic Code 


of the Building Officials Conference of America. Each 
code is the product of intensive study of the results of 
research and testing and of experience with actual 
buildings. There is considerable range of difference, 
however, in many of their technical requirements. 


Toward Unification 


The differences in these recommended codes arise 
from sincere disagreement as well as from varying 
emphasis on potential hazards. Realizing that it would 
be in the public interest to reduce such differences as 
far as possible, the sponsors of the recommended codes 
have made arrangements to discuss them informally and 
explore the possibilities of better agreement. A com- 
mittee bearing the title “Joint Committee on Unifica- 
tion of Building Codes” has been engaged for the past 
year in this program, and substantial progress has 
already been made. Such progress has been partic- 
ularly good in the case of definitions, which have been 
considered of special importance because so many con- 
troversies in the building code field result from differ- 
ences of interpretation. 

The Joint Committee has obtained assistance from 
the Bureau in the systematic comparison of require- 
ments advocated by the several code-writing bodies. 
Thus far, reports have been prepared not only on defi- 
nitions, but on types of construction, classification of 
occupancies, loads, and exits. Studies are proceeding 
on the heights and undivided areas permitted in each 
code for various types of construction. The work has 
had several beneficial effects. It has brought together 


for the first time a number of responsible agencies 
that had been issuing recommendations based on the 
same data but differing considerably in technical con- 
tent. The work of the Committee has demonstrated 
that informal, voluntary adjustments of views regard- 
ing the significance of scientific data produce results of 
much value to the public. 


Fire resistance ratings of wall and partition constructions 

are determined in the Bureau’s panel furnace. Gas 

flames produce a fire of controlled intensity on the ex- 

posed side of the specimen and its performance is 

measured by ability to carry load or by temperature rise 
on the outer surface. 


By applying known forces to specimens that accurately 

reproduce the most important structural parts of a house, 

NBS engineers simulate the loads that might be encoun- 

tered in actual service. Weights have been suspended 

from a roof truss and placed on the cross members to de- 
termine its performance under load. 


The Need for Research 


Modern technical problems in code improvement 
hinge on development of methods for testing not hith- 
erto available, more precise determination of loads 
and forces affecting buildings, more general applica- 
tion of performance standards designed to apply ir- 
respective of the materials used, and simplification of 
the somewhat complicated approach that has developed 
in the writing of code requirements. In each case, the 
Bureau has made substantial contributions as a result 
of its long experience with the subjects involved and 
its extensive resources in physics, chemistry, engineer- 
ing, and mathematics. 

An example of how work in the laboratory can pave 
the way for useful methods of testing is to be found 
in the program initiated at the Bureau some years ago 
on pretabricated panels for use in house construction. 
This was done at the request of the housing agencies 
of the Federal Government, which needed definite in- 
formation on the characteristics of prefabricated con- 
struction for housing. There were no standard test 
methods in existence at the time, and consequently it 
was necessary to devise methods most likely to produce 
the essential information. A procedure that involved 
compressive, transverse, racking, concentrated-load, 
and impact tests was agreed upon and followed in the 
testing of a large number of specimens. Subsequently, 
a committee of the American Society for Testing Mate- 
rials was formed for the purpose of producing methods 
of testing building materials, and the methods fol- 
lowed at the Bureau were accepted as the basis for its 
recommendations, which are now a tentative standard of 
the ASTM. Thus a good start was made on uniform 
treatment for the testing of prefabricated constructions 
in the future. More needs to be done, for the methods 
are not well suited to some constructions nor to deter- 
mining the strength of connections. 

Another question of suitable test procedure relates 
to combustible interior finishes that have come into 
wide use because of desirable acoustical or insulating 
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Durability of materials must be considered as well as original strength. Masonry walls are exposed to the weather 
to determine their resistance oyer a period of years. 


characteristics. In reports of recent fires, the rate at 
which flame spreads over such materials has frequently 
been emphasized. Some years ago, a method for test- 
ing acoustical materials was developed at the Bureau 
and was embodied in a Federal Specification that gov- 
erns the purchase of such materials by the Federal 
Government. Several other methods for testing these 
general types of products have been evolved in other 
laboratories, each having some claim to usefulness in 
determining hazard from flame spread. It has been 
the contention of the Bureau that agreement should be 
reached on a single method, so that code-enforcement 
authorities might judge the merits of products submit- 
ted for approval without the uncertainty resulting from 
numerous test methods. Much attention is being given 
at present to the so-called tunnel test, in which the 
material forms the under surface of the roof of a long 
tunnel, through which the rate of fire spread is ob- 
served under controlled conditions. Such tunnels have 
been tried out at the Bureau and at the Underwriters’ 
Laboratories. The committee on standard fire testing 
of the American Society for Testing Materials has re- 
cently expressed itself as favoring the tunnel test de- 
veloped by the Underwriters’ Laboratories. Further 
study and comparison of results of the several tests 
will be necessary, however, before general agreement 
is reached. 


Performance—Newest Trend in Codes 


Reduced to its essentials, the chief problem in the 
development of codes is to require just enough strength, 
fire resistance, and other qualities to assure reasonable 
safety without adding unnecessarily to construction 
cost. In our present state of knowledge, it is evident 
that this goal must be reached by correlating fact and 
Opinion. 

With an increasing body of facts gained through 
laboratory research and testing, and through experience, 
it has been possible to reduce the part that opinion 
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plays in the production of code requirements. . An- 
other and equally significant trend has been toward 
the performance basis that emphasizes the objectives 
to be attained rather than the detailed methods for at- 
taining them. The question may arise why any other 
approach has been used, yet the performance basis has 
been used to a limited degree only. Building codes 
have developed gradually through the use of such tech- 
nical information as was available and have been used 
not only by architects and engineers, but also by a large 
number of local authorities and builders without scien- 
tific training. The most convenient and effective way 
of wording them to be sure that the requirements 
were understood and followed, was in terms of familiar 
materials and measurements. For many parts of codes, 
this form of treatment is still used, but in some respects, 
and particularly in dealing with new materials and 
methods, the wording of requirements in terms of ex- 
pected results has become so important that it deserves 
further explanation. Its most successful application 
has been in the field of requirements for fire resistance. 

Formerly, fire-resistance requirements for walls, col- 
umns, and other structural members were stated in 
terms of so much thickness of a specified material, used 
either as a protective covering or to be embodied in 
the member itself. Thus, the code might require that 
a steel column be covered with 4 inches of concrete 
or 6 inches of structural clay tile. This was simple 
and direct, but it was unscientific in that it failed to 
relate the protection to the hazard that a fire might 
produce. 

Today, the latest revision of such an earlier code 
will almost invariably call for a fire-resistance rating 
in terms of a definite number of hours, for instance, 
two. This rating indicates that under a standard fire 
test the member will perform satisfactorily for a period 
of 2 hours. It also means that code writers have given 
thought to establishing a proper relationship between 
probable fire hazard of the occupancy and required 
fire resistance of structural members. Such a system 


is logical and, with present methods of testing and 
knowledge of fire hazards, can be applied with the as- 
surance that it will be effective. 

The Bureau can be justifiably proud of the part 
it has played in the development of such a system of 
fire protection. Besides participating in the prepara- 
tion of the standard fire test itself, the Burcau has made 
a large number of tests of constructions of different 
materials and thicknesses, so that the fund of informa- 
tion indicating what can be used to meet a given con- 
dition has been greatly enlarged. A major contribu- 
tion has been the determination of probable fire haz- 
ards in different kinds of occupancies—an essential 
link in deciding exactiy what will provide the requi- 
site degree of fire resistance. 

At the Bureau a series of fire tests was conducted 
in a special building, with the building contents care- 
fully selected and distributed to simulate actual occu- 
pancies, such as offices, storage rooms, and dwellings. 
In these tests, the destructive effect of fire was care- 
fully measured in terms that could be directly related 
to the resistance offered by structural members hav- 
ing varying amounts of protection. This made it pos- 
sible to perfect the systom by which sufficient protec- 
tion is supplied to meet the prospective hazard. It 
was possible to apply the performance basis with full 
effectiveness to this segment of building code require- 
ments. 

A unique full-scale burn-out test was also conducted 
by the Bureau in 1928. Two buildings in downtown 
Washington, one five stories and one two stories in 
height, previously scheduled for demolition, were 
loaded with combustibles equivalent to those ordinar- 
ily present in an office or mercantile occupancy. The 


In order to meet code requirements, walls must be able 

to resist the shearing effect produced by high winds 

blowing on intersecting walls. This effect is simulated 

in the laboratory by applying forces at diagonally 
opposite corners of the wall. 


Because of frequent fires attributed te imperfect chim- 

neys, codes emphasize proper chimney construction. 

Studies on different types of chimneys made at the re- 

quest of the Housing and Home Finance Agency provide 

data on design and on separation from combustible 
materials. 


contents were then set on fire, and careful readings 
were taken of temperatures reached at various points 
within the structures. The data thus obtained pro- 
vided much useful information on temperatures reached 
under actual fire conditions and of the persistence of 
high temperatures in debris blanketed by fallen masonry 
walls, 

Currently, in addition to the general assistance the 
Bureau is rendering to other organizations in coordi- 
nating recommended requirements, it is endeavoring to 
bring about agreement on two specific features of build- 
ing codes. A standard for masonry, produced under 
its sponsorship some 3 years ago, is being reviewed in 
the light of new information on thé characteristics of 
the materials concerned. A standard on design loads 
for buildings is also being revised in which use is being 
made of recent studies by the Public Buildings Service 
on floor loads and by the Weather Bureau on wind 
velocities and snow loads recorded in different parts 
of the country. It is through such constant study of 
new data and the refinement of previous recommended 
requirements that progress is being maintained in the 
building code field. 

The picture presented by building codes today is far 
different from that of a score of years ago, because 
of improvements that have been made in specifications, 
methods of testing, applications of engineering princi- 
ples, and in methods of presentation. Nevertheless, 
there is general agreement that much remains to be 
done. Some requirements represent the best that could 
be developed at the moment but do not necessarily re- 
flect up-to-date thinking in an industry that is con- 
stantly advancing. Some methods of testing are alto- 
gether lacking or are inadequate to deal with the whole 
range of characteristics that are important from the 
standpoint of safety. Other weaknesses are apparent 
that can be corrected only by use of a scientific ap- 
proach in place of compromise and approximation. 
Further research in this field can do a great deal to 
correct inequities in treatment of materials and to indi- 
cate economies possible through reduction of excessive 
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requirements, as well as to carry out the fundamental 
objective of establishing what is necessary in the inter- 
est of public safety. 
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Rate Drift of ‘Timepieces 


An instrument that provides a convenient graphic 
record of the drift in rate of a timepiece over an interval 
of several days has been developed by H. A. Bowman 
of the National Bureau of Standards. A simple relay- 
type servo system keeps the phase of a crystal-controlled 
standard frequency in step with the frequency of the 
timepiece. The amount by which the phase of the 
standard frequency must be shifted to match the un- 
known, varying frequency is then automatically plotted 
against time, providing a curve from which both the 
instantaneous and integrated frequency error are ob- 
tained. Although specifically designed to measure the 


i ERAN Re AS 


A simple servo system has been employed by the NBS time laboratory to record graphically the rate drift of a time- 


piece. 
motor (chassis, right foreground). 


rate drift in watches, clocks, and marine chronometers, 
the device can be modified to record the frequency drift 
in oscillators having frequencies of 10 cycles per 
second or less. Frequencies as low as | cycle in 30 
seconds have been monitored with this device. 

The standard 60-cycle frequency applied to the in- 
strument is, in effect, divided down to the nominal 
frequency of the timepiece or test oscillator by a syn- 
chronous motor, so chosen that the angular velocity 
of its output shaft equals this nominal frequency. The 
synchronous motor used is of the clock type, drawing 
about 2 watts. Such motors, having auxiliary gear 
systems that make it possible to match almost any 
oscillator frequency, may be readily obtained commer- 


A standard 60-cycle frequency is divided down to the nominal frequency of the timepiece by a synchronous 
A small selsyn motor (right background) modifies the phase of the standard 


frequency, so that the total number of revolutions of the output shaft on the synchronous motor is kept at a constant 


ratio to the frequency of the timepiece. 
selsyn, which operates an automatic recorder (right). 


The angular motion of the selsyn phase shifter is transmitted to a second 
The resulting curve represents the frequency drift of the 


timepiece. 
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cially with output-shaft speeds from 3,600 rpm down 
to 1 revolution in 24 hours. A small selsyn controlled 
by the servo loop advances and retards the phase of the 
standard frequency in such a way that the total number 
of revolutions of the output shaft on the synchronous 
motor is kept at a constant ratio to the total number 
of cycles executed by the test oscillator. 

The angular motion of the selsyn phase shifter is 
plotted against time on an automatic recorder by the 


use of coordinates that refer to the test frequency in- 
stead of the standard frequency. A curve representing 
the test oscillator frequency drift is thus obtained. 
The displacement of this curve from a fixed reference 
line drawn in the direction of motion of the graph 
paper through the recorder then gives the integrated 
time error of the oscillator at any instant. The in- 
stantaneous frequency error is a function of the angle 
between this reference line and the tangent to the curve. 


Proceedings, Symposium on Improved Quality Electronic 
Components 


Dependability in electronics, its importance and how 
it can be achieved, was the principal theme of the 
Symposium on Improved Quality Electronic Compo- 
nents held in Washington, D. C., on May 9 to II, 
1950. This problem takes on added significance at 
the present time because of the demands of the military 
services for dependable electronic components and 
the difficulties faced by the industry in meeting these 
demands. 

Fifty-two papers on different phases of the subject, 
by as many leading scientists and engineers in the field, 
were presented before the symposium. These have 
now been published as the Proceedings of Symposium 
on Improved Quality Electronic Components, an illus- 
trated book of 236 pages. The Proceedings are avail- 
able only from the Trielectro Company, 1 Thomas 
Circle, Washington 5, D. C., for $3.50 a copy. 

The conference was sponsored by the American In- 
stitute of Electrical Engineers, the Institute of Radio 
Engineers, and the Radio Manufacturers Association, 
with the active cooperation of agencies of the United 
States Department of Defense and the National Bureau 
of Standards. It was attended by 749 scientists and 
engineers from the United States, Canada, Great Brit- 
ian, Australia, New Zealand, and Sweden, making it 
the largest meeting ever held that was devoted entirely 
to electronic components. 


Sulfate Susceptibility 


A rapid test for accurately measuring the suscepti- 
bility of portland cements to attack by sulfate ground 
waters has been developed by W. C. Taylor and R. H. 
Bogue at the National Bureau of Standards. The new 
procedure, which determines the extent to which alum- 
inates in the cement can react with the sulfate ions 
present, not only reduces the time required for the test 
from several weeks or months to | day, but also pro- 
vides more valid results than methods previously used. 

Some concrete structures deteriorate in the presence 
of ground waters containing soluble sulfates, whereas 
others do not. Where deterioration occurs, it appears 
to be due principally to a reaction between the sulfate 
ions in the ground water and the aluminate ions in the 
cement. In the presence of calcium hydroxide, crystals 
of calcium sulfoaluminate 


(3CaO-Al,0;°3CaSO,°31H,0) 


The primary purpose of the symposium was to dis- 
cuss the problem of achieving electronic equipment 
that will meet severe operational demands with the 
same high degree of dependability and service life that 
is attained in electrical equipment of other types. Con- 
tinuous round-the-clock operation, severe environmen- 
tal and climatic conditions, or ultracritical duty are 
among the unusual demands often placed on electronic 
equipment and components. Size and weight reduc- 
tion, mass producibility, and simplified maintenance 
are additional factors for consideration. Aviation, the 
industrial control and equipment industry, the military 
services, and to some extent television, feel the im- 
pact of these stringent requirements. 

New trends in the design and fabrication of elec- 
tronic equipment, improvement in assembly methods 
and the quality of components, and simplified mainte- 
nance through unitized equipment packaging, as they 
relate to these problems, were brought out in the sym- 
posium and the panel discussion that followed. 

Dr. A. V. Astin, Associate Director of the National 
Bureau of Standards, served as chairman of the open- 
ing technical session of the Symposium, and J. G. 
Reid, Jr., of the Bureau’s Electronics Division, was 
chairman of the Technical Program Committee. 


of Portland Cement 


are formed. The resulting volume increase of about 
227 percent may cause cracking and splitting of the 
structure. 

Resistance to this type of deterioration may be in- 
duced either by the chemical nature of the cement or 
the physical character of the paste. Thus a dense paste, 
which is nearly impermeable to the flow of solutions, 
will remain sound in sulfate solutions much longer 
than a lean and porous mixture. Nevertheless, an im- 
provement in structure merely slows down the rate of 
attack. Long-range resistance to sulfate attack can 
only be attained by using cement whose chemical com- 
position makes it naturally resistant. 

In the past, the sulfate resistivities of various types 
of cements have been evaluated by preparing bars or 
slabs of mortar and noting their change in length, 
strength, or appearance after storing in sulfate solu- 
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tions for periods up to several months. This procedure 
has two notable disadvantages: The time required is 
excessive, and the physical character of the specimen 
may have a pronounced effect on the results. The test 
developed at the Bureau, on the other hand, is made 
directly on portions of the cement rather than on speci- 
mens of the paste. It thus makes it possible to evaluate 
correctly the inherent resistance of the cement to sul- 
fate action, as distinguished from the physical effects 
due to the nature of the specimen. 

This test measures the amount of sulfate removed 
from solution in a definite time when a small sample of 
the cement (adjusted to a known sulfate content) is con- 
tinuously shaken with a saturated lime-water solution. 
The sulfate in the cement dissolves quickly in the 
water-cement fluid mixture and reacts with the alumi- 
nates to form the difficultly soluble calcium sulfoalumi- 
nate. In the early period, which may be as long as 2 
hours, the reaction proceeds rapidly, but after 4 hours 
it becomes much slower. After 6 hours, the concentra- 
tion of sulfate in the solution changes so slowly that it 
can be measured with very little error. The difference 
between the original SO; content of the mixture and 
that of the liquid at 6 hours is then calculated as per- 
centage of the SO; originally in the cement and is des- 
ignated “sulfate reaction value”. This value repre- 
sents the amount of SO; that has been rendered in- 
soluble by interaction with the aluminates and thus 
indicates the susceptibility of the cement to attack by 
sulfate waters. 

Sulfate reaction values obtained for a large number 
of cements at the National Bureau of Standards have 
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shown a high correlation with the behavior of con- 
crete and mortar specimens of these cements that have 
been stored in sulfate solutions for some time. The 
rather striking results indicate that it is possible to 
separate cements into three groups with respect to their 
sulfate susceptibility. Thus, a cement having a sul- 
fate reaction value up to 50 can be expected to have 
considerable resistance to sulfate attack. The lower 
the value, the greater will be the resistivity of the 
cement. Concrete or mortar structures made with such 
a cement will have satisfactory durability when ex- 
posed to sulfate waters, except where disintegrative 
forces other than sulfate reaction may be involved. 

At the other end of the scale, a cement having a sul- 
fate reaction value above 65 can be considered rela- 
tively nonresistant to sulfate attack. Structures made 
with such a cement cannot be expected to last long when 
exposed to sulfate waters, regardless of the quality of 
the workmanship or the presence of beneficial agents. 

Cements having sulfate reaction values between 50 
and 65 are somewhat on the borderline. While they 
cannot, in general, be depended upon to resist sulfate 
attack, structures made of these cements may be durable 
in sulfate exposure if they are dense and impermeable 
and are free of other disintegrative agents. In this 
range of cements, good workmanship is absolutely nec- 
essary, and air entrainment would undoubtedly be 
beneficial. 

For further details, see A sulfate susceptibility test for port- 
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